A B S T R A C T 30% of patients with essential hypertension have a decreased adrenal response to angiotensin II (A II) on a low but not a high sodium intake. They also have a compensatory increase in the activity of the renin-angiotensin system best documented in a sodium-restricted state.
A B S T R A C T 30% of patients with essential hypertension have a decreased adrenal response to angiotensin II (A II) on a low but not a high sodium intake. They also have a compensatory increase in the activity of the renin-angiotensin system best documented in a sodium-restricted state.
To assess whether such a mechanism could account for the hypertension in genetically hypertensive rats, adrenal responsiveness to A II was determined in three groups of rats; spontaneously hypertensive rats (SHR), normotensive Wistar rats (WKY), and normotensive Sprague-Dawley rats (SDR). Animals in each group were placed on either a low or high sodium diet for 14 d with balance assessed by sodium excretion. The animals were then decapitated, blood was obtained for plasma renin activity (PRA), A II and aldosterone and adrenals isolated for the preparation of purified glomerulosa cells. The cells were incubated in Krebs-Ringer bicarbonate solution, containing bovine serum albumin, for 60 min in the absence and presence of increasing concentrations of A II.
The PRA, basal aldosterone output, and adrenal sensitivity to A II were similar in the three groups of rats on the high sodium diet. On the low sodium diet the SHR had a significantly (P < 0.01) higher PRA (25±7 ng/ml per h) than either the WKY (12±2 ng/ml per h) or the SDR (7±1 ng/ml per h) and lower basal aldosterone output (68±17 vs. 154±43 and 197±21 ng/ 106 cells per h, respectively). In addition, the slope of the A II dose response curve was more shallow (P < 0.01) in the cells from the SHR than those obtained from the WKY and SDR.
Thus, the SHR PRA and aldosterone responses to sodium restriction and aldosterone response to A II were similar to that previously described in a subgroup INTRODUCTION A number of mechanisms are purported to underlie the elevated blood pressure in patients with essential hypertension. One of these is a decreased adrenal response to angiotensin II (A II)' resulting in a compensatory increase in renin release (1) . Patients manifesting this mechanism, comprising 25-30% of patients with essential hypertension, have angiotensin-dependent hypertension documented by normalization of blood pressure when a competitive antagonist of A II is administered (2) . The reason for the altered adrenal response is unclear although there is some evidence that there is a change in the adrenal A II receptor (3) . However, a precise definition of the abnormality is difficult using data derived from clinical studies. Thus, the purpose of this study was to determine whether spontaneously hypertensive rats may also have an altered adrenal response to A II and, thereby, serve as a model for this form of essential hypertension. Adrenal responsiveness was assessed in spontaneously hypertensive rats because two recent studies have suggested that (a) their blood pressure may be significantly reduced when an A II antagonist is given (4); and (b) their renin levels may be higher than normotensive animals when assessed during carefully controlled balance conditions (5 Laboratory procedures. Renin, A II, corticosterone, and aldosterone levels in the plasma and aldosterone and corticosterone determinations in the incubation medium were performed as described by radioimmunoassay techniques (7) (8) (9) . Sodium and potassium concentrations in the urine and serum were determined by flame photometry. The data were evaluated statistically by Fisher Exact, Sign or Unpaired t tests except for the dose response curves for A II where t values for the response of each dose compared with the control were computed on a log transformation of the data when appropriate. Homogeneity of variance was assessed by Bart- lett's test (10) and P values were obtained from Dunnett's tables (11) . The data are presented as the mean±SEM. the lowest renin levels (Fig. 1) . Contrariwise, on the low sodium intake there were significant differences in renin activity in each of the groups of rats with the SHR having significantly (P < 0.01) greater renin levels (25±7 ng/ml per h) than either of the other two groups of animals. However, there was also a significant difference (P < 0.01) between the renin in the WKY animals (12±2 ng/ml per h) and the SDR (7±1 ng/ml per h). These differences in renin activity could not be accounted for by differences in sodium or potassium balance as they were similar in the three groups of animals on the day of study (Table I) .
On the high sodium intake plasma aldosterone levels in the three groups of animals were similar to the renin levels, i.e., there were no significant differences. In contrast, significant differences were observed on the low sodium intake but the pattern of response was the reciprocal of that noted for renin activity. The SHR animals had significantly (P < 0.01) lower plasma aldosterone levels than either of the other two groups (Fig. 2) . Plasma corticosterone levels were also measured (Table II) . Contrary to the plasma aldosterone levels, there were no significant differences in basal corticosterone levels in the three rat strains on either diet, indicating that ACTH was not responsible for the differences observed in the SHR. A II levels were determined in the SHR and the SD animals. The antibody used to. measure A II levels cross-reacts 100% with angiotensin III (A III). Thus, the immunoassayable angiotensin measurements reflect the total angiotensin adrenal stimulating activity in the circulation, i.e., both A II and A III concentration. On the high sodium intake, there were no significant differences in the angiotensin levels in the two groups of animals, similar to what was observed for renin activity. In contrast, on the low sodium diet, the SHR group had significantly (P < 0.05) higher angiotensin levels (Fig. 3) . The difference in plasma angiotensin concentration could not be accounted for by cross reactivity of angiotensin I with the A II antibody, as at even the highest circulating angiotensin I level measured (5 ng/ml) this would measure as only 5 pg in the A II assay.
In vitro studies. The aldosterone production by the isolated glomerulosa cells from the three groups of animals on the two diets had a pattern similar to that observed for plasma aldosterone levels (Fig. 4) . On the high sodium diet, there were no significant differences between the aldosterone production rates in any of the three groups of animals. On the low sodium intake, again, the SHR group had significantly (P < 0.01) lower aldosterone production (68±17 ng/106 cells per h) than either the WKY (154±43 ng/106 cells per h) or the SDR (197±21 ng/106 cells per h). The aldosterone production between the SDR and WKY animals was also significantly different (P < 0.01).
Although there was a trend for the SHR groups to have a lower aldosterone response to A II in comparison with the other two groups on the high sodium intake, this was not statistically significant (Fig. 5) . In contrast, on the low sodium intake, dose-response curves generated from each of the three groups were significantly different both in slope and peak response There were no significant differences observed in any strain on either diet (mean ± SEM).
(P < 0.01). The slope of the dose-response curve was nearly five times steeper in the SDR than in the SHR (P < 0.01) with the WKY animals occupying an intermediate position, the slope being approximately twofold greater than the SHR and 2.5-fold less than the SDR. These differences were significant at a P value of <0.01, as was the maximum response between the three groups of animals ( Fig. 6 ). In addition, A II stimulated corticosterone levels reflected a similar pattern. At the highest A II dose added, corticosterone levels were significantly (P < 0.01) greater in the SD (646±101 ng/106 cells) than in the WKY (282±64 ng/ 106 cells), or the SHR (151±43 ng/106 cells) on a low sodium diet.
As an important indicator of the activity of the late pathway of aldosterone biosynthesis (the conversion of corticosterone to aldosterone) the ratio of aldosterone to corticosterone output was assessed in the control incubates. On the high salt diet there were no consistent differences although the SHR group tended to have a lower ratio. Contrariwise, on the low sodium intake the SHR ratio (0.10±0.02), was significantly less (P < 0.02) than in either the WKY (0.17±0.02) or SDR (0.24±0.02).
DISCUSSION
Recent reports have indicated that altered aldosterone responsiveness may explain the altered renin responsiveness found in human hypertension. Thus, low renin essential hypertension may be secondary to an enhanced adrenal response to A II (12) (13) , and high renin essential hypertension may result from a decreased adrenal response to A II (1-3) . Additional studies have suggested that this latter defect may not be limited to those patients with high renin essential hypertension, but also can be detected in patients with normal renin essential hypertension and may contribute to the elevated blood pressure in as many as 30% of patients with essential hypertension (1) .
The patients with decreased adrenal responsiveness have four characteristics that distinguished them from normotensive subjects and patients with hypertension who do not have this abnormality: (a) their renin response to an acute challenge, e.g., upright posture on a low sodium intake, is enhanced; (b) their basal aldosterone levels in a sodium restricted state tend to be lower with subnormal aldosterone increments with upright posture; (c) their adrenal response to exogenously administered A II is decreased; (d) renin sults of the present study would suggest tha alterations may be present in the SHR.
Controversy has existed as to the status of ti angiotensin system in SHR. Early results sugge the level of renin activity was low with the d renin suppression age dependent, i.e., the c animals, the lower the renin (14-16). A rece using the WKY as a control has not confirm findings (5, 17, 18) . Invariably, the renin lev been greater in the SHR animals, the only ment being whether or not with aging they the significance of the elevated renins. Those gators who have noted an increased level bo increase in blood pressure have suggested th may be participating in the development of pertension (18) . Others have suggested that renin levels observed after the hypertension established may simply be a manifestation c tension-induced nephrosclerosis (5) .
Whether the elevated renin levels are part. in the maintenance of the elevated blood pre been difficult to establish. Captopril, a conve zyme inhibitor, administered from birth red rate of increase of blood pressure in SHR with of the antihypertensive effect within 10 d oi tinuing treatment, suggesting that A II ma volved (19) . However, it is unclear that the I sive response to converting enzyme inhibitors due to a change in A II formation (20) . Con antagonists of A II have also been used to evaluate angiotensin's role in the maintenance of blood pressure in these animals. Pals et al. (21) reported that A II blockade had no effect on blood pressure in conscious rats leading them to conclude that the renin-angiotensin system is not involved in genetic hypertension. However, Munoz-Ramirez have reported a hypotensive response to a different A II antagonist given to sodium-depleted rats (4) . Additional studies have suggested that the antihypertensive effect of A II blockade may be mediated by modifying the action of brain A 11 (22) . Unfortunately, these studies are often difficult to interpret because either improper or no control animals were studied and/or dietary intake was not controlled and/or assessed.
SD
The results of the present study, in Decreased Adrenal Responses to Angiotensin II -r-ported no significant changes in basal levels of aldosterone, some have suggested that adrenal steroidogenesis may be decreased (24) . The results of the present study document that in the high sodium state aldosterone output from isolated glomerulosa cells is similar in the three groups of animals. On the other hand, in the sodium-restricted state, aldosterone output is significantly less in the SHR than in the normotensive groups. Adrenal responsiveness to A II has not been reported previously in these animals. However, if the animals were studied on a normal or high sodium intake it is unlikely that any significant differences would have been observed, as none were noted in the present study. Contrariwise, with sodium restriction, the adrenal responsiveness to A II in the SHR animals was significantly less than in the other two groups. This was true both for the slope of the dose response curve as well as the maximum output which was two-to fivefold greater in the normotensive than in the hypertensive animals.
There was also a difference in the adrenal responsiveness of the two groups of normotensive animals. The SDR had a greater adrenal responsiveness to A II than did the WKY animals. This was not secondary to a spurious increased responsiveness of the SDR used in this study as their responses were similar to that previously reported (7) . This is of particular interest since the spontaneous hypertensive and WKY animals are both of the same breed. Thus, the potential exists that the development of hypertension in the animal strain was possible because of the already present genetic potential for a reduced adrenal responsiveness to A II. Additional studies with back breeding will be necessary in order to evaluate this potential.
In conclusion, a subgroup of patients with essential hypertension and SHR share a common triad of alterations in adrenal steroidogenesis. In response to sodium restriction, there is an increased renin and A II responsiveness, and a decreased adrenal responsiveness. There is also a reduced adrenal in vitro response to exogenously administered A II in the sodium restricted state. The mechanism underlying the reduced responsiveness is uncertain. One possible explanation could be a reduced activity of the 18-hydroxylase step since in vitro the ratio of the aldosterone to corticosterone levels was decreased in the SHR. Whether the reduced adrenal responsiveness to A II is producing the elevated blood pressure remains to be determined. However, the striking similarity in the responses of the SHR and 30% of patients with essential hypertension raises the likely possibility that these animals will serve as an excellent model for unravelling the pathophysiology of this subgroup of patients.
